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This  paper desc r ibes  t h e  use of  l i g h t  petroleum d i s t i l l a t e s  f o r  t he  prod- 
uc t ion  of gas of  high c a l o r i f i c  value. 
t o  rrethane and ethane by r eac t ion  with gas  r i c h  i n  hydrogen. 
is obtained as a by-product. 

I n  t h e  p rocess  t h e  d i s t i l l a t e  i s  converted 
An aromatic condensate 

Two methods o f  ca r ry ing  out  t h e  opera t ion  have been used. I n  t h e  f i r s t ,  a 

The second uses  a f l u i d i s e d  bed of coke f o r  t h e  same purpose and can be 
hydrogenator of sim$e design inco rpora t e s  temperature c o n t r o l  by r ecyc l ing  t h e  reac- 
t i n g  gases. 
opera ted  t o  g ive  a n  increased  y i e l d  of l i q u i d  products.  

I. In t roduc t ion  

The hydrogenition of  o i l s  m s  developed i n i t i a l l y ’  for  t h e  enrichment cf 

I n  r ecen t  y e a r s  hydrocarbon refbrrners ope ra t ing  at 
l e a n  gas produced by t h e  t o t a l  g a s i f i c a t i o n  of coa l  with steam and oxygen, for 
example, by the  Lurgi  Process. 
high pres su res  have been c‘eveloped which a r e  ccpable of gas i fy ing  d i s t i l l a t e  t o  prod- 
uce a conpara t ive ly  l e a n  gas. I t  i s  i n  assoc iGt ion  v i t h  such p l a n t s  t h a t  hydrogenat- 
i o n  u n i t s  a r e  be ing  ex tens ive ly  introduced. 
producine gases of h igh  c a l o r i f i c  value which can be used as  a s a t i s f a c t o r y  s u b s t i t -  
u t e  f o r  na tu ra l  gas. 

The hydrorenation s t age  is capable o f  

11. The Hydrorenation Process  

‘;;hen a mixture of d i s t i l l a t e  vapour and l e a n  gas a r e  exposed t o  a ternperat- 
Lire of 7CC - 750°C t he  hydrogen i n  t h e  l e a n  gas  r e a c t c  with t h e  d i s t i l l a t e  t o  produce 
gaseous hydrocarbons, mainly met1;ane and ethane. L i t t l e  charge i n  gas  volume occurs. 

( - CH2) + H2 --+ CHq 

1 vol.  I vol. 
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2(  - CH2) + H2+ C2H6 

1 vol. 1 vol. 



6 4  

IIT. The Gas Recycle ::ydrogenator 

, 

2 The i2rdrogenator 1s si:oi.I:, d i a g r x a t i c a l l y  i i i  Fie.. 1 . 1t:consis t : .  o,f 2 

cjr1ind:ical vesse l  wi th  2 c o a x i i l  tube  i n s i d e  i t  ecclosed within a p r e s s u r e  vesse l  
of su f f i c i e r t  diameter t o  allow 9" of hea t  i n s u l a t i o n .  T h e  n i x t u r e  of d i s t i l l a - t e  
m d  hjrdroEen 8re introduced t??roGEh a j e t  et hich v e l o c i t y  and d i r e c t e d  dowi t h e  
i n n e r  tube. The momenturr, o f  t h e  j e t  c-,uses the  gaseo'm recictants  t 3  c i r c u l a t e  do:;n 
t h e  tube and up t h e  m n u l u s .  The r e c i r c u l a t i o n  r e s u l t s  i n  the  rni:rinE o f  t h e . i n l e t  
renc ta i i t s  with a r e l a t i v e l y  l a r g e  volume of h o t  (1358s a l ready  a t  r e a c t i o n  ten?erat- 
u re .  In t h e  p i l o t  _r>lnnt, a r e c i r c u l a t i o r  r e t i o ,  i . e .  t h e  niinbcr of vnlur:es of re- 
c i r c u l a t i n g  gas p e r  volur:e of  r e a c t a n t s ,  o f  10 : 1 or c:ore h a s  been readily zci:ieved. 

The r e c i r c u l a t i o n  o f  gases  g i v e s  p r e c i s e  c o n t r o l  o f  react?-on te;:.:;eratcre 
and t h e  tenpera ture  d i s t r i b u t i o n  wit!iin t h e  r e a c t o r  i s  recarkably even. Excegt i? 
t h e  v i c i n i t y  of t h e  i n l e t  j e t  tb.e t e c s e r a t u r e  n r i . n t i o n  i n  t h e  r e a c t o r  i s  u i t h i n  
j - 4-C. 
reEuired teoprra ture .  t!::cn iwkinc pse : ;  o f  hiEh c a l o r i f i c  value t h e  prc1ier.t te.?per- 
a t u r e  r c - q u i r e d  is usually i f i t h i n  t k e  r a n p  400 - 450-C v!lilst rmintaininr; 2 rcac t i3n  
t e n p e r a t u r e  of 700 - 750-C. 

It is  r ierely necessary  t o  c o n t r o l  t h c  preiiezt t e c y e r s t u r e  t o  cz in t t i in  tile 

The d i s t i i l e  t c  i s  converted t o  hydrocari;or. :;:-see, min1.i e t  
v i t h  s : ~ a l l  q u a n t i t i e s  of o l e f i n e s .  T!ie pronor t ion  of  e thsne  i.ncre<?se:; ;- s ::-.e rt-:?c- 
t i o n  ter:i?erntu.re i s  lowered. The output  o f  a r e a c t o r  of a Given sire v 
as t h e  pressure .  At a given Zjresscre, however, a ~ ' l a n t  + P  exbre..e!.;- fl. 
o u t y ; t  can be cor.tro3led over  w i d e  l i n i t s .  

I n  t r o u b l e  f r e e  o+ra t ion  c v e r  l o n ~  ;;erio.:c ca-bor! dr_- 
avoided. This  Eovei-as t h c  choice  of o5cacir : ;  c c n d i t i o x  e 
p r e s s u r e  i s  co:rpzrotively lot!. Cpers t icn  at  359 3.s.l.c. e 
of  ECO Btus/s.c.f. t o  be r e a d i l y  attai.-.ed ::it11 zn  o2crct i r .g  
A t  lower p r e s s u r e s  or when a t t a i n i n g  h igher  c d o r j  i i c  vo lues  5 . t  
l o u e r  the  texpernture .  9e lou  about 675% hoveve- t h e  reactj.or. i 
becomes uns tab le ,  7OW.C i s ,  t h e r e f o r e ,  consi.dere6 t o  be a zcfe z 
temperature. The p r e s e r c e  of  5 - 1Q: of  s t e x  I.r t h e  Lydrozetxsti:-.z E": 1.: 

~1,: 



s u f f i c i e n t  t o  overcome any renaini.-; tendency f o r  carbon deposit ion.  
g o t x s i u n  carbonatc scrubber i s  used to  remove carbon d ioxide  f r o n  t h e  lean gas ,  
t h e r e  is s u f f i c i e n t  steam l e f t  i n  t he  gases  f o r  thi;, gurpose. 

If a hot  

Fig. 2 shows t i e  floii diagram of tiie 2 i l o t  p l an t .  The hydrogen was made 
by t h e  s t ean  reforming of coclmercial butane followed by carbon monoxide conversion, 
carbon d ioxide  removsl and compression, approximately 0.9 n i l l i o n  s.c.f./ day of  
gas containin; about 93l hydrogen being ava i l ab le .  
p u r i f i e d ,  was p u q e d  i n t o  t h e  hydrogenating cas s t r e a n  t h e  t:,ixture preheated 
so a s  t o  maintain t h e  requi red  t e ? > e r s t u r e  i n  the  hydrogenator us ing  gas-fired 
p rehea te r s  wiiich I J O U ~ ~  be rep lzced  on a commercial u n i t  by hec t  exchangers between 
product gases and r e -x t ax t s .  The product gases  re9,oved from i n s i d e  t h e  top of tiie 
r e a c t o r  were water quenched followed by i n d i r e c t  cooling. 
\:ere taken f r o r  t h e  h o t  gases  before  the  quench. 

The d i s t i l l a t e ,  which was not  

Samples f o r  a n a l i s i s  

The p l a a t  was s t a r t e d  up us ing  hydrocenating .gas, prehea ted  t o  about 
650"c, t o  r a i s e  the  terrperature i n  t h e  hydrogenator t o  575 - 6ooGc. 
was then  introduced i n t o  t h e  hydrogenating gas strean. a t  a lord r a t e  and as t h e  hea t  
of r e a c t i o n  r a i s e d  t h e  hydrogenator t expe ra tu re  t h e  d i s t i l l a t e  r a t e  was increased  
a n d  t h e  prehea t  temperature reduced u n t i l  over a per iod  of about hour t h e  f i na l  
r e a c t i o n  condi t ions  were a t t a i n e d .  . 

Disti l late 

IV. T e s t s  i n  t h e  Gas Recycle Eydrogenator 

The r c s u l t s  of some t h r e e  days tests a r e  given i n  Table 1. 

Test 1 r e p r e s e n t s  a run at  350 p.s.i.g. us incanhydrogenat in( ;  gas contain- 
i n g  92.4, hydrogen, obtained by reforming com*iercial 
nonoxide conversion and carbon dioxide removal. 
was obtained without d i f f i c u l t y  us ing  a conpara t ive ly  high s p e c i f i c  p a v i t y  distill- 
a t e  with a f i n a l  b o i l i n g  po in t  of approx. 170°C. 
s r o n a t i c  content of 8.1% by volume and on hydrogenation l l . l p i  bf t h e  carbon i n  t h e  
o i l  apgeared as  condensate and 88.5: as hydrocarbon gas. 
r eac t ed  p z r a f f i n s  i n  ' tke condensate. 
o f  ethane, but no t r a c e  g f  higher  p a r a f f i n i c  hydrocarbons showing t h e  r e l a t i v e l y  
slow r e t e  of ethane decomposition compared with h ighe r  hydrocarhons under t h e s e  
condi t ions .  ,I m a l l  moun t  o f  unca tura ted  hydrocarbons also survived. 

bu-ane followed by corbon 
A c a l o r i f i c  va lue  of  804 Etus/s. c .f .  

Analysis of t h e  feedstock gave an 

There was no t r a c e  o f  un- 
The gns contained a cons iderable  concent ra t ion  

A p re l iminary  test showed t h a t  a t  a pressure  o f  450 p.s.i.g. and a r e a c t i o n  
temperature of 725°C a c a l o r i f i c  va lue  of  960 Btus /scf .  bsing a similar d i s t i l l a t e  
and a dry hydrogenating gas  could not  be obtained without an zpprec iab le  amount o f  
carbon depos i t ion .  
o f  SrJO 3tus/s.c.f. and 1,ooO Btus/s.c.f. r e spec t ive ly  u s i n s  a n  hydrogenating gas  t o  
i h i c h  9 - IC$ steam w a s  added, carbon depos i t i on  t r o u b l e s  being then  eliminated. 

A s  t!.e c a l o r i f i c  value of  t he  g a s  w a s  increased  froin 900 - 1,000 Stus /  

T e s t s  2 and 3 were the re fo re  c a r r i e d  cu t  t o  m a k e  c a l o r i f i c  va lues  

- 

s.c.f. t h e  y i e l d  of  a r o m t i c  condensate increased  so t h a t  i n  t h e  l a t t e r  case 15.% 
of t h e  carbon i n  the  o i l  appeared as condensate and only  84.9% as hydrocarbon gas. 
:/ith t h e  reduced ope ra t ing  t e r p e r a t u r e  and t h e  low p a r t i a l  p r e s s u r e  of  hydrogen i n  
t h e  f i n a l  gas t r a c e s  of  p a r a f f i n s  appeared i n  t h e  condensate. 
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Table I - T e s t s  i n  t h e  G a s  Recycle Hydrogen;&or. 

10.2 

170 
0.71 
7.2 
5.7 
7.39 
403 
715 

20,480 

0.7 
1.1 

3.8 
34.8 
36.8 
22.1 

Test  70. 
Xydrogenation P res su re ,  p.5.i.g. 
I n l e t  G a s  Rate, s.c.f.h. 
Dry I n l e t  Gas Composition, ? by volume: 

co2 co 
112 
C H 4  
N2 

9.2 
170 

6.: 
5.E 
6.87 
425 
715 

21,400 

0.72 

0.7 
2.4 
3.3 

23.8 
43.95 
25.15 

Steam content  of  hydrogenating gas  

Dis t i l l a te  Type: 
vols/lOO v o l s  dry i n l e t  g a s  

S p e c i f i c  Gravity 
Aromatic Hydrocarbon, 50 by volume 
Carbon/Hydrogen, w/w 

Imp. G a l s .  of d i s t i l l a t e  pe r  1000 cu.ft .  

Prehea t  t eape ra tu re ,  “C 
Hydrogenation ternqerature, ‘C 
Product G a s  Rate,  s.c.f.h. 
Froduct G a s  Composition, % by volume: 

of dry  i n l e t  gas 

co2 
C H  

co 
X Y  

%4 
C2H6 
N2 

C a l o r i f i c  Value, Btu/s.c.f. 
C a l o r i f i c  Value, Btu/s.c.f. ( i n e r t  f r e e )  

Carbon Balance 
Percentage  of  carbon supp l i ed  i n  

d i s t i l l a te  appearing as: 
Hydrocarbon G a s  
Benzene 
Toluene 
Xylene and Higher Konocyclics 
Naphthalene 
Higher Aromatics 
Unreacted P a r a f f i n s  
Carbon Deposited 

ascsFroduced and absorbed s.c.f./imp. 
ga l lon  of d i s t i l l a t e :  

CH4 produced 
C2H6 :: 
C H  
X Y  

H absorbed 2 

16.8 
1.1 

100.0 
704 
804 

-- 

87.3 
7.8 
2.3 
1.5 

- 
1 

350 
30 s 79c 

0*3 
3.7 

92.4 
3.0 
0.6 

100.0 

N i l  

- 

170 
0.7’ 
8.1 
5.7 
4.2; 
441 
750 

33 , 60c 

0.4 
1.1 

3.3 
44.6 
32.6 
17.5 

0.5 
100.0 

804 
810 

88.9 
8.8 
1.1 
0.6 
0.3 
0.3 
0.0 
0.0 

76.4 
44.8 
2.8 

102.5 

’ 17.5 
0.8 

100.0 
713 
808 

96.0 
3.2 
0.3 
0.2 

3.7 

2 
100.0 

896 

100.0 100.0 1”” 

0.7 
100.0 
1008 

909 1022 

74.4 
46.0 
2.3 

100.9 

88.8 
7.9 
7.5 
0.7 
0.6 
0.4 
0.1 
0.0 

71.0 
42.6 

4.1 
94.2 

84.9 
7.9 
2.7 
1.7 
1.2 
1.5 
0.1 
0.0 

4 ‘  5 
180 1 180 

J 

6, 
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Type of  Dis t i l la te .  

P o t e n t i a l  Heat i n  Products  as  perc- 
entage of P o t e n t i a l  Heat i n  
Distillate: 

The use of steac: t o  avoid carbon depos i t i on  d i f f i c u l t i e s  enabled t h e  use 
of lower ope ra t ing  p r e s s u r e s  and T e s t s  4 ar,d 5 were comparative t e s t s  at  le0 p.s.i.g. 
G a s  with an i n e r t  f r e e  c e l o r i f i c  value of  800 Btus/s.c.f. was made us ing  an  i n i t i a l  
gas conta in ing  about 13; of  carbon dioxide. The hydrogen p a r t i a l  p ressure  was only 
135 p.s.i.6. Two types  of d i s t i l l a t e  were used, one t h e  comparatively high g r a v i t y  
d i s t i l l a t e  used f o r  t h e  prev ious  t e s t s  and the  o t h e r  of lesser g r a v i t y  with a f ina l  
b o i l i n g  poin t  of about 1 0 8 ~  conta in ing  only  I.& aromatics.  
t h e  r e s u l t s  is  t h e  increased  y i e l d  of hydrocarbon gases  with t h e  l i g h t e r  feeds tock ,  
96$$ of  t h e  carbon i n  t h e  d i s t i l l a t e  be ing  converted t o  gas. 
t h a t  t ak ing  t h e  i n c r e a s e  i n  volume i n t o  account t h e  product g a s  con ta ins  almost as 
much carbon dioxiide as p resen t  i n  t h e  i n l e t  gas. 
t h e  carbon d ioxide  t o  r e a c t  with hydrogen to  g ive  carbon monoxide. 

The main f ea tu re  of 

A second f e a t u r e  is 

There is  no marked tendency f o r  

L.D.F. 170 

A t y p i c a l  p o t e n t i a l  hea t  balance when making a gas of 900 Btus/s.c.f. from 
170 d i s t i l l a t e  is given i n  Table 2. The e f f i c i e n c y  of t h e  p rocess  is seen t o  be 
h igh  with 88.4% of  the p o t e n t i a l  hea t  i n  t h e  d i s t i l l a t e  appear ing  i n  t h e  gas and 
9.2% i n  t h e  condensate, t he  combined y i e l d  be ing  97.6%. 

TABLE 2 

Typica l  P o t e n t i a l  Heat Balance when making 
900 C.V. gas i n  Gas Recycle Hydrogenator 

Hydrocarbon G a s  
Benzene 
Toluene 
Xylene and o t h e r  Monocyclics 
Naphthalene 
Higher, Aromatics 
Unreacted P a r a f f i n s  
Heat o f  r e a c t i o n  by d i f f e rence .  

88.4 
6.5 
1.3' 

. *6 
.4 
*3 . 
.I 

2.4 

V. The Flu id ized  Bed P i l o t  P l a n t  

-6 7 

The use of  a g a s  r ecyc le  s impl i f i ed  the  design o f  a hydrogenator f o r  use  
The f l u i d i z e d  with d i s t i l l a t e  under cond i t ions  when carbon depos i t i on  is avoided. 

hydrogenator developed f o r  crude and heavy o i l ,  is  an a l t e r n a t i v e  and can be used 
when carbon is  deposited.  In t h i s  process  a f l u i d i z e d  bed of coke s e r v e s  to  take 
up any carbon and a l s o  s e r v e s  t o  e s t a b l i s h  t h e  uniform temperature requirement. 
The l a r g e  hea t  capac i ty  of t h e  f l u i d i z e d  bed compared with t h a t  o f  t h e i n l e t  reac- 
t s n t s  s e rves  t o  b r i n g  them rap id ly  t o  r e a c t i o n  temperature and by absorb ing  react- 
i o n  hea t  prevents  excess ive  temperatures i n  the bed. 
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C i c p l i f i c a t i o n  df t h e  p h i i t  for use s o l e l y  with d i a t l l l a t e  would les-ve a 
s j n g l e  f l u i d i z e d  bed with only  the  one i n l e t  g35 &rem conta in in2  t i e  preheated x ix -  
t u r e  of d i s t i l l a . t e  and hydrogenatinc gas. i s y s t e c  o f  ho r i zox ta l  and v e r t i c a l  baf f -  
l e s  m s  inc luded  i n  t h e  main f lu id i zed  bed t o  improve t h e  f l u i d i z c t i o n  c i in rac t e r i s t -  
i c s .  
hea t  i n s u l e t i o n  and enclosed i n  a m i l d  s t e e l  F res su re  vessel .  

The whole interm1 asse!r.hly of t he  r , i l o t '  >lazit vas surrounded by 10 i n s .  o f  

The f lou  cXc!gra:: f o r  t h e  p l an t  is shown i n  Fig. 4. The hj.droceiiating gas 
vas prodcced BS fo r  t h e  Gas 2ecycle  P lan t  by refor:ninc of  butane followed by carbo:] 
monoxide conversior, and. csrbor. dioxide removal. 'It b!ac then  :?reheated i n  gas f i r e d  
p - e h e n t e r s  but on 2. cociriercial u n i t  hea t  exclia-ge Idrith t h e  pi-odcct gases  would be 
u t i l i s e d .  The r eac t ion  p roduc t s  -:;ere water quenched t o  about 200°C 2nd then cooled 
f u r t h e r  bji _d i rec t  sc rubbing  with recycl-ed condensate i n  a. tower packed x i t h  rnsch:g 
r ings .  Final cool ing  t o  50°C was 1.3' an  i n d i r e c t  cooler .  G a s  samples f o r  a r d y s i s  8 

were taken before  t h e  water quench. 

The 2lant was s t a r t e d  u? u i t h  t h e  f u l l  flcw of preheated hyerosenating gas 
but  a t  a reduced p res su re  t o  g ive  the  re?ui red  f l u i d i z i n g  ve loc i ty  i n  the  m a c t o r .  
The coke vas then c a r r i e d  i n  with 8 sub.sidisry s t r e i n  of  Gas and t h e  p l an t  war:r.ed up 
f u r t h e r  with gas  prehea ted  t o  6 5 0 ~ .  :?Len t!?e r e s t o r  t ezpc ra tu re  reached 35.0b.C air  
was adi r i t t ed  t o  a c c e l e r a t e  t h e  heating. A t  6 5 0 " ~  d i s t i l l a t e  was ii;t?oduced a t  B low 
r a t e  a d  as  tiie hec t  of r enc t io r ,  r a i s e d  te:'.:>erntures t h e  a i r  r a t e  wzs rednced t o  
zero followed by c? w r k c t i c n  of the  p rehea t  te::_ernture of  t h e  renctnii ts .  2 % ~  t e rp-  
e ra tu re s  rose  t h e  pressure uas i cc reased  t o  ciaintain t h e  des i r ed  f lu id iz i t l :  ~ e l o c i t j  . 

VI. T e s t s  i n  t i i e  F lu id i  zed I<ydrof;enator 

The r e s u l t s  of t e s t s  c a r r i e d  o u t  i n  t h e  c i l o t  p k n t  a r e  ~5ve1:  i n  7z.b:~ 3. 
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Table 3 - T e s t s  i n  t h e  F lu id ised  Xydrogenator 
._ . . _  

Test To. 
;!j.dro;ezationPressure, p.s.i.6. 
I n l e t  G ~ s  Rate, s.c.f.11. 
I n l e t  G c l s  Composition, by volume: 

co2 
CO 

Dis t i l l a t e  Type: 
Spec i f ic  Grav i ty  
Aromatic Hydrocarbon Content, 

% by volune 
Carbon/Iiydrogen r a t i o ,  w/w 

Imp. G a l s .  D i s t i l l a t e  per 1000 cu.ft.  of 

Time of residence, secs. 
Preheat ternpercture, O C  

Hydrogenation temperature, ‘C 
Product Gas Rate, s.c.f.h. 
Product Gas Composition, % by volume: 

dry i n l e t  gas 

co2 
C H  

co 
H2 
CH4 
c2H6 
N 2  

X Y  

C a o r i f i c  V d u e  Btus/s.c.f. 

Carbon Balance 
Percentage of carbon supplied i n  

d i s t i l l a t e  appearing as: 
Fydrocarbon G a s  
Benzene 
Toluene 
Xylene and higher monocyclics 
Ikphthalene 
Higher Aromat ics  
Unreacted P a r a f f i n s  
Carbon Deposited 3 Gases Produced and absorbed as f t .  / 

imp. gallon of d i s t i l l a t e :  
CE4 produced 

C2H6 
I t  

C H  

H2 absorbed 

II 

X Y  

1 
350 

33,240 

1.2 
2.6 

93.5 
2.1 
0.6 

100.0 

0.67 
3-6 
5.3 
4.88 
28 

455 
755 

37,767 

0.85 

- 

1 .oo 
2-55 

37.9 
39- 1 
17.4 
1 ..? 

100.0 
- 

840 

94.8 
4.5 
0. I 
0.7 
0-3 
0.2 - - 

86.8 
40.5 

103.4 

2 
350 

32,369 

1.3 
2 * 3  

92.0 
3.9 
0.5 

100.0 
- 

0.70 

6.3 
5.7 
4.95 
29 

454 
755 

36,343 

1.0 
1.3 
2.45 

33:7 
45.3 
15.4 
0.85 

100.0 
859 

89.4 
8.7 
0.3 
0.2 
1.0 
0.4 - - 

94.3 
34.7 

108.8 

69 

3 
720 

32 0.52 

1.85 
3.6 

91.3 

0.5 
2-75 

100 .o 

0.71 

7.44 
5.6 
7.82 

66 
379 
722 

40,348 

7-35 
1.05 
3-75 

16.75 

0.6 
100.0 
1024 

54.05 
23-05 
- 

82.8 
11.2 
1.7 
0.6 
1.4 
1.7 

0.6 

83.5 
37.1 

- 

89.8 - 
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Test 2 ims of s i o i l a r  d.uri: 
l i s t i l l z t e  ( z . 2 .  C.70and f i i l a l  b o i l i  
$ant w~.s ecuall;. s t i t i s f a c t o r y  t 5 e  IY 

condensate y i e l d  L:itYthe. h e i v i e r  feedstoc!.. IC t e s t  '1 34.9: o f  t hc  C X ~ G ~  ir; t1-e 
o i l  o+i.esred i n  t!?e ;-as and only 89.&5 i n  t e s t  2. 

poi.r:t 165'~ ~ 1 2 s  used . )  ?!:e >erFqr  
t si::nificai-:t Zifferc:nce keii ig t?le 

I n  comparison with t h  t e s t s  i n  the ELLS r e c y c l e  :iydrocen: tor  7 2 s i n ~  tke 
heav ie r  tyge of d i s t i l l n t e  t h e  y5eld o f  i?sl:htilr;lene znd h igher  aro::;zticr is higher, 
poss ib ly  due t o  a nore  sudden heatin:: on en t ry  t o  thc- fl.uidicea bed ,znd t h e  7hsei:ce 
of d i syers io i l  of t h e  r e s c t i r - 3  d i s t i l l a t e  i n  a l n r g e  volur:e of  r eac t ed  ~ 2 s .  

Pest 3 shows t h e  r c s u l t i ;  O f  a r u n  a t  50 atrilosFheres r ressure  t3 prodiice s 
gas of 1,000 Etus/s.c.f., a cc i lo r i f i c  vclue v:hicb b i z i s  reached u i tkou t  d i f f i . cu l ty .  
1;:ith ar. operatinE tempera ture  of ? 2 2 ' ~  0.6:; of  t he  carbon i n  t h e  o i l  +:as deJJosited 
on t h e  p a r t i c l e s  i n  the  f l u i d i z e d  bed. 
of iric-eased residence t i r - e  due t o  the  higher p res su re  \*:as t o  reduce t h e  ethane/ 
nethane r a t i o  i n  t h e  g a s  produced, d e s p i t e  t h e  ccunterac t inC e f f e c t  o f  a reduced 
ope ra t ing  tenFerature.  
and o d y  $2.3; of t h e  carbon i n  t h e  o i l  appeared i n  the  ,F's. 

I n  c o n p r i s o n  Mith tests 1 and 3 t::e e f f e c t  

The y i e l d  of condensible nrornrtic hydrocnrboris tias increased  

V I I .  The !iydro:emtion of Light  D i s t i l l a t e  with t h e  
production of Aromatic !iydrocarbons 

In  the  tests descr ibed  so far the a r o m t i c  condensate is mainly der ived  
from t h a t  already i n  t h e  d i s t i l l a t e .  
i n t a c t  undef the  r e a c t i o n  cond i t ions  althoagh t h e  s ide -ch l ins  a r e  removed i n c r e a s i w  
t h e  y i e l d  of gaseous hydrocarbons. 

The r i n g  s t r u c t u r e  of these  a romat ics  remains 

However, i t  i s  evident  t h a t  as the  d i s t i l l a t e /hydrogen  r a t i o  i s  . increased  
i n  order  t o  obta in  a h ighe r  c a l o r i f i c  value of p-oduct ge7.s t h e  y i e l d  of condensible 
a r o n s t i c  hydrocarbons i s  increased .  
due t o  the  f a c t  t h a t ,  when p r e s e n t  i n  g r e a t e r  concent ra t ion ,  r a d i c e l a  have an oppor- 
t u n i t y  t o  cyc l i s e  before  tiieg a r e  hydrogenated. It was cors idered ,  t h e r e f o r e ,  t h a t  
i f  t h e  d i s t i l l a t e / h y d r o g e n  r a t i o  vere  increased  to I n  even l x g e r  ex ten t  t h e  produc- 
t i o n  of aromatic hydrocarbons could t e  very g r e a t l y  incrcazed ,  xLi1s t  s t i l l  producing 
a very  h ich  c a l o r i f i c  va lue  o f  gzs. 

The syn thes i s  of nrornatics i s  be l ieved  t o  be 

- 
LaSorotory experiments' showed t h a t  at +in c:,er>.tiEg t e . , pe ra tu re  of 750 - 

775LC and with a d i c t i l l a t e / h y d r o g e n  r a t i o  of zbout 20 - 27 i n p .  ;-~llor.s/1000 cu.ft .  
2C% o r  nore of t h e  carbon i n  t h e  o i l  could be recovere2 a s  n ronc t i c  hydroswhons  
even uhen the re  was v i r t u a l l y  no aror!z.tic conten t  ir. the  6i: : t i l lnte.  Prc-8:a-e i..ms 
found t o  have l i t t l e  e f f e c t  on t h e  r eac t ion .  ::'ith t he  l l - i t e d  p . r t i a l  Fressure of  
hydrocen the  condensate conttliced an  a:>precizble pro-ortion of d k y l s t e d  I^roratbc 
coppounds and the gaseous hydroctlrbons con ta ine i  it conpa-atively high ;ro:>ortio?. of 
unsa tura ted  compound?. It was s-pparent t i iat  fu r t l i c r  hydro5en::ticn .,.;m c ie s l r cb le  i n  
a second s tage  t o  de-:ilk::late t h e  condensate and t o  convert  o l e f i n i c  hydrocx-tons 
t o  methnne and ethnre. 
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TABLE 4 
The Hydrogenation of  D i s t i l l a t e  with 

Aromatic Hydrocarbon Formation 

Hydrogenation Pressure  
I n l e t  Gas Rate, s.c.f.h. 
Dis t i l la te  Type: 

(9C$ 112) 

S p e c i f i c  Gravity 
Aromatic Xydrocarhon Content 
Cerbon/Hy drogen , w/w 

Imp. Gals. o f  d i s t i l l a t e  /loo0 cu.ft .  o f  
gas: 

a )  s y n t h e s i s  stage 
b) o v e r a l l  

Hydrogenation temperature, ‘C: 

a )  syn thes i s  
b) de-alkylation 

Product Gas Rate, s.c.f.h. 
Product G a s  Composition, % by volume 

co 

co 
cx$ 

HZ 
CH4 

N2 

C2H6 

c a l o r i f i c  va lue ,  Btus/s.c.f. 

Carbon Balance 
Percentage o f  carbon suppl ied  i n  

distillate appearing as: 
Hydrocarbon Gas 
Benzene 
Toluene and Higher monocyclic6 
Naphthalene 
Higher Aromatics 
Deposited Carbon 

365 
33 , 350 

0.682 
3.0 
5.4 

21.2 
7.5 

760 - 7 6 5 ” ~  
790 

45,080 

2.9 
0. 3 
3.4 

90.0 

51.8 
11.0 

0.6 
821 

71.6 

1 e 5  
3.6 
5.2 
0.9 

17.2 
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It w3s re - l i sed  thGt  the  f lu ip i r eG h::dro&ensto?- i.iti? t h e  scli t i l  ?:C:L.L;. 
s u i t r b l e  .;or carryin; ou t  thi-. :,roce.ss v i t h  very ' l i t t l e  r::ptiification (?ic.  5). Y : r ;  
lower f l u i d i s e d  bed vas u t i l i s e d  f o r  t h e  1st s t s c e ' o f  t'ie r e sc t io r ,  azd t!ic 2r.d :..';-rL 
w8s c s - r i e d  out  is, t h e  ;:air: bed., 

I .  . .  . .  

The -hole of t h e  d i s t i l l a t e  m s  mixed wii!l  t h e  I..ydrocenLtlnC t;as iise:: i.. 
f1uidi i .e  tile lower bec which was dee3ened t o  5 f t .  t o  give edequntc.' t i re  f o r  i-c'- c : !  . 
The hydropenatini-: %as ;or t h e  -,econd stn5-r vas in t roduced  a t  the k s e  of the r 
The f i r s t  stzce resctio:: was kr.dot!:er:.iic :.rid ttrc zecond o taze  exothci-.:.ic. . The 3,: .i 
r ecyc le  theri serve6 ti; t r a r i s f e r  !ier5.t fro:i t h e  second s t age  tc tile f i r s t  s tage  
t a i n i n z  c v e r a l l  LeLt ba.lcnce y i t h  a t eqe r i : t> re  d i f f e r e n t i a l  betxecn t k e  tvo cCr.2.. 
of 25 - x~c. 

n i h p  r e s u l t s  of oserz.ti.:ig t h e  g o c e s s  a r e  given i n  Table 4 showin: t h 2 . i  ::.: 

The condensate i t s e l f  w s  f r e e  o f  p n r h i r i .  :. 
ZI d i s t i L l a t e  con ta in inc  only  3; of a r o z a t i c s  t h e  y i e l d  of zro!.;ztics rcccunted f o r  
27.55; of t h e  carbon is t h e  d i s t i l l a t e .  
Carbon d e p o s i t i o r  mounted  t o  0.Y' of t h e  csrkon i n  the  o i l  a?d tiii.. wz.5 de;:ositc,: 
2.s a gr r .ph i t ic  coatiric, on the  f l u i d i s e d  pzrt5.cle.s. The o v c r z l l  ;:roduct ~ 2 - 2 ~  hnd ,r ' 

c a l o r i f i c  va lue  of 821 Etus/ft .3,  2. value whicl, could be i cc reesed  with a reddceC 
supply of hydrogen t o  t h e  secor,c! stage.  
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